Burr distribution is considered as a probability model for the lifetime of products. Reliability test plans are those sampling plans in which items from a lot are put to test to make conclusions on the estimate of life, and hence acceptance or rejection of the submitted lot is done. A test plan designs the termination time of the experiment and the termination number for a given sample size and producer's risk. Tables and graphs were provided for certain specific values of designs, and it is useful to verify the optimum reliability test plan realized by Burr distributions.
Introduction
Reliability study plays a vital role in the quality control, and it can save time and money by realizing early conclusions. If a genuine product (reaching defined life) is rejected on the basis of sample information it is called Type-1 error. On the other hand, if an ingenuine product (not reaching defined life) is accepted by the consumer, then it is called Type-2 error. The decision to accept or reject a lot is subjected to the risks associated with these errors. The procedure is termed as "reliability test plan" or "acceptance sampling based on life test" [1] .
Tailed probability distributions are the basis of reliability test plans. These distributions are used to find the reliability sampling plans which will be more economical for the experimenter. Kantam developed a detailed study on life tests based on log-logistic distribution [2] . Rosaiah and Kantam used Inverse Rayleigh distribution to present acceptance sampling [3] . Kantam et al. introduced economic reliability test plan for log-logistic distribution [4] , and Aslam and Shahbaz considered generalized exponential distribution to explain economic reliability test plan [5] . Aslam also presented economic reliability test for a generalized Rayleigh Distribution [6] . Rao et al. explained the economic reliability test plan on the basis of Marshall-Olkin extended exponential distribution [7] . Rao et al. considered reliability test plans for type-II exponentiated log-logistic distribution [8] . Mugahal et al. introduced economic reliability group acceptance sampling plans for lifetimes, a Marshall-Olkin extended distribution [9] . Aslam et al. considered generalized exponential distribution to explain time truncated acceptance sampling [10] .
It is found that a null hypothesis about scale parameter such as "the scale parameter is greater than or equal to a specified value" is equivalent to establish that the "average life of a product realized by a given scaled density exceeds the specified average life. " Acceptance of this hypothesis by a test procedure is equivalent to getting the sample lifetime echoing the lot quality, and the rejection of hypothesis implies that the lot is a bad.
Ramkumar and Sajana [11] had designed a reliability test plan on four-parametric Burr distribution showing the minimum termination time at a prefixed risk, and this study tries to develop an economic sampling plan under the same assumptions. To verify the efficacy of economic sampling plans, a comparative study of the plans was made by finding the minimum termination time and the acceptance numbers.
General definition of four-parameter Burr distribution and the method of finding the minimum sample size are described in Section 2. The rest of the paper is organized as follows. Section 3 describes the method of finding operating characteristic. An example for illustrating the difference Probability density function f(x) between these two approaches is given in Section 4. Comparative studies between the two sampling plans were discussed in Section 5, and conclusions were drawn and presented in Section 6.
The Sampling Plan
Assume that the lifetime of a product follows four-parametric 
for , , , > 0, > .
The graphical representation of probability density function of four-parameter Burr distribution for specified parameters = 500, = 1000, = 2, and = 2 is shown in Figure 1 .
Consider a null hypothesis
Let the lifetime of a product follows the above Burr distribution with eventual failures; the above hypothesis becomes the average life of the product. If 0 is accepted on the basis of sample lifetime data, one may conclude that the submitted lot has a better average lifetime than the specified quality. Hence, the lot can be termed as good and accepted.
In reliability test plans based on Burr distribution, the minimum sample size to make a decision about the lot for a given waiting time in terms of 0 (i.e., / 0 ), acceptance number , and some risk probability (say * ) for a specified 0 of which is the probability of detecting is required.
If the number of failures is less than or equal to the acceptance number in a sample of size , the lot is accepted and hence the probability of accepting the lot:
For > 0 , the above probability of acceptance will increase. Therefore, if * is a prefixed risk, probability of minimum risk is
For a given 0 and / 0 , this is a single inequality in two unknowns and for the assumed parameters and . The above inequality can be solved for with successive values of from zero. The minimum values of which satisfies the inequality (6) are for * = 0.01, 0.05, 0.10, and 0.25 and / 0 = 0.306, 0.413, 0.521, 0.841, 1.055, 1.483, and 1.911 at = 500, = 2, and = 2, given in Table 1 . The minimum value of satisfies the binomial approximations which are obtained for the combination producers risk (1 − * ) and operating ratio / 0 .
Fixing " " and " " be a natural number less than sample size ( ). The acceptance criteria can be restated as follows.
(1) Put " " items on test.
(2) Stop the process if = ( + 1)th failure occurs before and the lot is rejected.
One may be interested that the probability of acceptance should be as large as possible for a given = 0 , and specify " " as a multiple of " " ( = 1, 2 . . .). Then,
Given the values of (where = * ), , and (integer), the above inequality can be solved for " 0 " using cumulative probabilities of binomial distribution. Then the values of " 0 " can be used in the cumulative density function for = 2 to find the values of / 0 . With the choices of ( = 1, 2 . . . , ) and , the termination ratio could be found satisfying the above inequality. The termination ratios are given in Table 2 for various values of and .
Operating Characteristic Function
If unknown lifetime of the product deviates from the specified lifetime, it should result in a considerable change in Table 1 : Minimum sample size for the specified ratio / 0 , confidence level 1 − * , acceptance number , = 2, and = 2 using binomial approximation. the probability of acceptance of the lot based on the sampling plan. Hence, the probability of acceptance can be regarded as a function of the deviation of specified average lifetime from Table 3 .
the true average lifetime. This function is called operating characteristic function of the sampling plan. Specifically if ( ) is the cumulative distribution function of the lifetime random variable of the product, " 0 " corresponds to a specified life.
Thus,
where " " corresponds to true but unknown average life. The ratio / 0 in the right hand side of the above equation can be taken as a measure of changes between true and specified life. For instance, / 0 < 1 implies that the true mean life is less than the declared life leading to less acceptance probability or more failure risk. Similarly, / 0 > 1 implies more acceptance probability or less failure risk. Hence, giving a set of hypothetical values, say / 0 = 0.1, 1.9 . . ., the corresponding acceptance probability for the given sampling plan is determined. For selected sampling plans, the operating characteristic (OC) values were given in Table 3 . The OC curves for different values of as given in Table 3 are shown in Figure 2 .
Example
Consider a simulated problem associated with failure times of bulbs whose lifetime follows four-parameter Burr distribution with = 500, = 2, and = 2. This data can be regarded as an ordered sample of size = 10 with observations 794, 1284, 1087, 1369, 2206, 1346, 939, 1578, 953, and 1092. Goodness of fit details for this sample is shown in Table 5 . 2  3  4  5  6  7  8  9  10  2  3  4  5  6  7  8  9 Table 1 , for 1 − * = 0.95. Therefore, the sampling plan for the above sample data is ( = 10, = 1, / 0 = 0.521). Based on the data, it is to decide whether the lot is accepted or rejected. Accept the product only if the number of failures before 521 hours is less than or equal to 1.
Illustration of Example Using Reliability Test
In the above sample of size 10, there are no failures before the termination time = 521 hours and the acceptance number of the plan = 1. Therefore, accept the product.
Illustration of Example Using Economic Sampling Plan.
From the life test termination in Table 2 , corresponding to = 2 ( = + 1), for column 5 , the value is 0.13652. As the acceptable average lifetime is 1000 hours (given) for four-parameter Burr distribution, then the termination time is obtained as = 0.13652 * 1000 = 136.52 = 137 (approximately).
According to the above sampling plan, if the first failure is realized before 137th hour of the test, reject the lot; otherwise, accept the lot. In either case terminating the experiment as soon as the first failure is reached or 137th hour of the test time is realized whichever is earlier. In the case of acceptance, the assurance is that the average life of the submitted products is at least 1000 hours.
There are no failures before 137th hour, and accept the lot (in the example) by this approach. Thus, for both approaches, the sample size, acceptance number (termination number), the risk probability, and the decision about the lot are the same. The decision on the first approach can be reached only at the 521st hour while in the second approach decision is realized at the 137th hour, showing that the economic sampling plan requires less waiting time.
Comparative Study
In order to compare the economic sampling plan with reliability test plan, the values are presented for = 2, * = 0.05, 0.01 in Table 4 . The entries given in the first row represent economic sampling plan, and the values of the second row show reliability sampling plan. Termination values in the example are taken for = 2, = 5 , and * = 0.05 from Table 4 . For any , , and * , the present test plan gives minimum termination time than reliability test plan saving money and time of experiment
Conclusion
This paper presents the economic test plan for lifetime of products following four-parameter Burr distribution. The proposed plan suggests a way for achieving optimum reliability test plan for tailed Burr distribution. Comparative study affirms the conclusion that the present test plan works with minimum termination time (waiting time) ensuring minimum experimental cost at more or less same sampling design.
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